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Abstract: Deciding whether to monitor, aversively condition, relocate, or destroy a problem

black bear (Ursus americanus) can be difficult for wildlife managers. Understanding the extent of
anthropogenic foraging within bear populations can provide insight for management decisions
about black bears. An innovative way to estimate opportunistically the amount of anthropogenic
food in an individual or a population of bears is through stable isotope analysis (SIA), where hair
samples can provide an index of assimilated nutrients (i.e., diet) for the period of hair growth.
Our objective was to use SIA to determine whether there was a difference between diets of
bears using urban areas and bears using adjacent wildland areas for forage. We collected
hair samples from 16 bears captured between April and September 2009 (i.e., urban bears)
within the urban area of Missoula, Montana, and from 15 bears harvested during a spring bear
hunt (April 15 to May 15, 2009) in hunting units adjacent to Missoula (i.e., wildland bears). We
compared isotope values of urban and wildland bears in a δ13C and δ15N isotope mixing space
that contained 3 potential dietary components (generalized plant baseline, meat, and cornbased foods [i.e., garbage]) using a Bayesian modeling framework. The contributions of the 3
potential dietary components were not different between urban and wildland bears, suggesting
that human-generated garbage was not a significant diet source during the 2008 hair-growth
period for bears. In other areas or years, however, where a larger portion of the bear population
consumes garbage, SIA will be able to opportunistically estimate the amount of garbage in diet.
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In response to a recent increase in the
number of human–black bear (Ursus americanus)
conflicts (Beckmann and Berger 2003a, Zack et
al. 2003, Baruch-Mordo et al. 2008), wildlife
management agencies are increasing personnel
hours for bear management, revising bear
management plans, and funding public
education programs and research directed to
minimize human–bear conflicts. Most of this
effort to reduce the number of negative human–
bear interactions is to preserve human safety
(Perry and Rusing 2000), reduce resources
spent dealing with conflicts (Garshelis 1989),
avoid controversial management (e.g., lethal
control; Hristienko and McDonald 2007), and
protect bears.
A major cause of conflicts has been the result
of black bears foraging on garbage (Storer et
al. 1938, Rogers et al. 1976, Beckmann and
Berger 2003a). Garbage can be a high-caloric
and ubiquitous food source that directly affects
bear activity patterns (Beckmann and Berger
2003b) and fitness (Blanchard and Knight 1991,
Eberhardt and Knight 1996, Badyaev 1998).

Individual bears that become conditioned
to feeding on garbage are usually relocated,
aversively conditioned, or destroyed. Making
these decisions can be difficult for managers
with limited budgets and who must consider
a range of human attitudes and values within
urban areas.
Recently, stable isotope analysis (SIA) has
improved researchers’ ability to estimate
diet. For example, SIA has led to a better
understanding of grizzly bears (Ursus arctos)
foraging on white bark pine (Pinus albicaulis;
Felicetti et al. 2003) and salmon (Mowat and
Heard 2006), as well as infanticide (Ben-David
et al. 2004). Stable isotope analysis determines
the relative contribution of assimilated food to
diet (Peterson and Fry 1987) because isotopic
compositions of consumer tissues reflect those
of their prey; nutrients assimilated into tissues
during growth can then be measured (DeNiro
and Epstein 1978, 1981; Szepanski et al. 1999).
Most bear diet studies using SIA successfully
partitioned the proportional contribution of
meat and vegetation in diet; however, little or
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no data are available regarding the use of SIA
to determine the proportion of anthropogenic
forage that bears use (Mizukami et al. 2005).
Except for warm-season grasses (Family
Poaceae), most native plant species in black
bear forage use the C3 photosynthetic pathway.
Domesticated corn (Zea mays), in contrast,
follows the C4 photosynthetic pathway, allowing
it to be enriched in δ13C (Smith and Epstein
1971) and isotopically distinct from natural
C3 vegetation and meat from free-ranging
animals. Corn is present in many human foods,
including sweeteners, snacks, feed for meat and
dairy products. If bears are foraging on garbage,
they will ingest corn-based products, and their
tissues will reflect corn-based isotope values.
To use SIA successfully, 3 assumptions
must be met for estimating diet proportions
of a consumer. First, SIA requires a priori
knowledge of available food, and only the
relative contribution of food selected as
potential diet sources can be estimated. Second,
the specific contribution of each dietary
source can be determined only if sources are
isotopically distinct (Ben-David et al. 1997).
The third assumption is that isotope values
change predictably as they move from 1 trophic
level to the next. The relative retention (i.e.,
enrichment or depletion) of the heavier isotope
as prey tissues are metabolized and assimilated
into consumer tissues is termed trophic
fractionation. When SIA is used to determine
diet, appropriate fractionation values must be
applied to stable isotope values of prey before
comparison with the isotopic composition of a
consumer’s tissues.
We used SIA of hairs collected from black
bears that were captured or harvested in and adjacent to an urban area to better understand diet
of urban bears and the extent of anthropogenic
foraging. Our specific objective was to use SIA
to determine whether differences exist between
diets of bears using urban areas and diets of
bears using adjacent wildland areas. We tested
the hypothesis that bears using urban areas
would have more enriched carbon and nitrogen
isotope values, reflecting a meat and corn-based
diet, compared to bears using wildland areas
adjacent to the urban area.
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5,739 km2 area that includes 5 deer and elk
management units and the urban area of
Missoula, Montana (Figure 1). The urban area
was inhabited by approximately 65,000 people,
distributed across 62 km² (U.S. Census Bureau
2000). Average human density in Missoula was
approximately 1,046 people/km², and average
housing density was 407 housing units/km²
(U.S. Census Bureau 2000). The town lies in
a valley bottom, where the Clark Fork and
Bitterroot rivers converge. Land ownership in
Montana

Figure 1. Location of study area in western Montana, USA. Residential development represents a
100-m buffer around all residential dwellings within
Missoula, Montana, school district boundaries where
urban bears were captured in 2009. White areas
outlined in black represent deer and elk management units (labeled with the Montana Fish, Wildlife
and Parks unit number) where wildland bears were
harvested in 2009.

surrounding parcels was a mix of private and
public (i.e., U.S. Forest Service).
The warmest month in Missoula was July
(average maximum = 28.4° C, minimum = 10.6°
C; overall = 19.1° C), and the coolest month
was December (average maximum = 0.1° C
minimum = -7.2° C; overall = -4.1° C; Western
Regional Climate Center 2008). Average annual
precipitation was 43.3 cm evenly distributed
throughout the seasons except for July and
August when rain can be sparse (Western
Regional Climate Center 2008). Rain was
common during April through October, and
Study area
Our research took place in an approximately snow was common during November through
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March. The topography was diverse. Elevations
ranged from 978 m to 2,766 m above sea level,
with most urban development on the valley
floor surrounded by steep slopes and canyons
in the mountains.
Missoula has a history of negative human–
bear interactions. Prior to 1997, approximately
15 reactive bear management actions were
carried out annually in response to bear
incidents. The number of reactive bear
management actions increased since 1997,
and by 2004, Missoula residents reported
275 black bear sightings (i.e., an occurrence
when a bear has no observable response to
the person observing it), and human–bear
incidents. Montana Fish, Wildlife and Parks
(MFWP) addressed >50 of those incidents with
reactive bear management actions. Since 2004,
residents reported approximately 130 sightings
and incidents annually, and MFWP responded
to >30 of those incidents with reactive bear
management actions (J. J. Jonkel, Montana Fish,
Wildlife and Parks, personal communication).
We classified potential bear foods within the
study area into 3 categories: vegetation, meat,
and anthropogenic food. Potential vegetation
included grasses, forbs, and shrub fruit, such as
serviceberry (Amelanchier alnifolia), choke cherry
(Prunus virginiana), and huckleberry (Vaccinium
spp.). All of these plants, except for some grasses, use the C3 photosynthetic pathway. Potential naturally occurring meat included whitetailed deer (Odocoileus virginianus), elk (Cervus
canadensis), mule deer (O. hemionus), small
mammals, insects, birds, and fish. Potential
anthropogenic foods included garbage, bird
seed, fruit trees, pet food, garden produce,
compost piles, and grain.

Methods

We collected hair samples from bears captured
for a radio-marking study within Missoula (i.e.,
urban bears) and from hunter-harvested bears
checked into the regional MFWP headquarters
(i.e., wildland bears). We captured bears from
April through September 2009 using culvert
traps (Teton Welding, Choteau, Mont.) set near
houses on private property. We immobilized
bears with a dart delivered from a jabstick
containing Telazol (Jonkel 1993). We pulled
3 clumps (i.e., >100 hairs per clump) of guard
hairs from the hip in spring and early summer
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and from the dorsal area near the neck in late
summer; we pulled only hair that was grown
the previous year. We selected hairs grown
the previous year by assessing hair length and
color (i.e., new growth is usually a darker color,
B. S. Jimenez, University of Montana, personal
communication). During spring hunting
season 2009 (April 15 through May 15), MFWP
personnel pulled 3 clumps of guard hairs
from the hip area from each bear harvested
in management units adjacent to Missoula.
We deposited hairs into a 118 ml Whirl-Pak®
bag (Nasco, Fort Atkinson, Wis.), labeled bags
with capture or harvest date, sex of bear, and
location of capture or harvest. Handling and
immobilization was approved by University
of Montana’s IACUC (Protocol No. 044-08
PKECS-072508).
We obtained potential forage isotope values
for C3 (i.e., generalized plant baseline) from
Mowat and Heard (2006) and C4 (i.e., corn)
from Darr and Hewitt (2008). We estimated a
mean and SD of δ13C and δ15N values for the
meat category by collecting guard hairs from
elk (n = 26) and white-tailed deer (n = 26) at
hunter check stations within approximately
200 km of the study area in November and
December 2008. We sonicated hair samples in
glass vials of deionized water using a Branson
Tabletop Ultrasonic Cleaner, Model 3510
(Branson Ultrasonic Corporation, Danbury,
Conn.) to remove coarse debris from hairs. We
rinsed samples under a ventilation hood in a
2:1 chloroform-methanol solution to remove
fine debris and oils (Darimont et al. 2007).
After allowing hairs to dry for 24 hours, we
ground them to powder in a Wig-L-Bug® DS80 amalgamator (Crescent Dental Co., Chicago,
Ill.). We placed 1 mg of ground hair into 5 × 7
mm pre-combusted tin cups and sent samples
to the University of California–Davis Stable
Isotope Facility for continuous-flow mass
spectrometry analysis. Samples were analyzed
for stable isotopes of carbon and nitrogen using
a PDZ Europa ANCA-GSL elemental analyzer
interfaced to a PDZ Europa 20-20 isotope
mass spectrometer (Sercon Ltd., Cheshire,
UK). During mass spectrometry, samples are
combusted, resulting in separation of CO2
and N2, which are then measured to calculate
isotope ratios (Fry 2006). We report isotope
values expressed in delta notation (δ) as:
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where X is 13C or 15N, and
R is 13C/12C or 15N/14N. The
standards used in stable
Meat
C4
isotope analysis are PeeDee
Belemnite
limestone
for
carbon, and atmospheric N2
for nitrogen (DeNiro and
Epstein 1978, 1981).
We used MixSIR to
de-termine
probability
distributions
for
each
C3
contribution of prey to the
diet of bears. MixSIR is a
stable isotope mixing model
Urban
developed within a Bayesian
Wildland
modeling
framework,
where multiple sources of
-25
-20
-15
-10
uncertainty (e.g., fractionation
δ13C
and prey isotope values) can
be integrated into estimates
(Moore and Semmens 2008). Figure 2. The mixing space with mean δ15N and δ13C values (and
We incorporated fractionation standard deviation bars) for potential dietary components of black bears
captured in Missoula, Montana, in 2009 (squares) and bears harvested
values for nitrogen ( = 4.1, in wildland areas adjacent to Missoula, Montana, in 2009 (triangles).
SD = 0.45; Hilderbrand et
Mean isotope values for potential food items
al. 1996) and carbon ( = 2, SD = 1; Mowat
and Heard 2006, Ben-David et al. 2004) then ranged from -26.6 to -11.65 for δ13C and -2.8 to
ran MixSIR with 10,000 iterations for each 3.13 for δ15N (Table 1). Corn-based food items
analysis. In the program R (R version 2.10.0, were most enriched in δ13C, and meat was most
<http://www.r-project.org>), we developed enriched in δ15N (Table 1). All potential dietary
5,000 Markov Chain Monte Carlo simulations items occupied distinct areas within the mixing
from the probability distributions of each space (Figure 2).
diet source and estimated CIs of difference
Isotope values for bears captured within the
between CIs of urban and wildland bears. We urban area ranged from -23.54 to -21.54 for δ13C,
tested our hypothesis that bears using urban and 3.52 to 7.48 for δ15N. Isotope values for
areas would have a different diet and more harvested bears in adjacent areas ranged from
enriched carbon and nitrogen isotope values by -25.08 to -20.38 for δ13C, and 2.79 to 7.13 for δ15N
identifying whether or not the CIs of difference (Figure 2).
between urban and wildland bears contained 0
For urban bears, the median posterior
(Derbridge 2010). We report CIs of difference proportional contribution was 0.333 (0.265 to
and statistical significance of the difference.
0.413%; representing 5 and 95% confidence
percentiles) for C3 plants, 0.083 (0.047 to 0.12%)
for
corn-based forage, and 0.58 (0.49 to 0.67%)
Results
for
meat. For wildland bears, the median
We obtained 16 hair samples from urban
bears (9 females, 6 males, 1 unknown), and posterior proportional contribution was 0.39
15 (11 males, 6 females) hair samples from (0.32 to 0.48%) for C3 plants, 0.08 (0.05 to 0.120%)
wildland bears. Samples from harvested bears for corn-based forage, and 0.53 (0.43 to 0.62%)
were obtained from deer and elk management for meat (Figure 3). There was no difference
units 201 (n = 5), 203 (n = 5), 204 (n = 1), 283 (n = in diets between urban and wildland bears
3), and 292 (n = 1), administered by MFWP.
because the CIs of difference contained 0 for

Isotopes • Merkle et al.
C3 plants (-0.08 to 0.18; P = 0.42),
corn-based forage (-0.060 to 0.06; P
= 0.996), and meat (-0.21 to 0.099;
P = 0.49).

Discussion
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Table 1. Mean and standard deviation (SD) of carbon and
nitrogen isotope values for dietary components of black bears
captured within Missoula, Montana (urban bears) and bears
harvested in adjacent wildland areas (wildland bears). Values
reported for meat, urban bears, and wildland bears reflect diets
during the hair-growth period of 2008.
δ13C

δ15N

Managing human–bear conflicts Dietary components
SD
SD
n


is difficult for wildlife management
a
–
-26.60
2.00
3.00
C3 plants
-2.80
agencies. Having a variety of tools
b
–
-11.65
0.06
0.15
2.59
to aid in decision making for how C4 plants
52
-25.20
1.04
3.13
1.07
to deal with problem bears will Meat
only ensure fewer conflicts and
more public support in the future.
Consumer values
Using SIA, we tested whether
16
-22.59
0.54
1.31
5.23
there was variation in diet between Urban bears
15
-22.64
1.07
4.71
1.01
urban and wildland bears in Wildland bears
Missoula. We found no difference a
Values from Mowat and Heard (2006)
in the diets between urban and b Values from Darr and Hewitt (2008)
wildland bears, providing support
to reject our hypothesis that isotope values of have vacated the surrounding mountain range
urban bears reflect higher proportions of meat and spent significant amounts of time within
and garbage. These results suggest that garbage urban areas (Beckmann and Lackey 2008).
was not a significant diet source for urban Such bears may have been outliers within their
bears in Missoula, Montana, during the 2008 group (i.e., urban or wildland), and their isotope
hair-growth period. However, because of the values may (or may not) influence populationisotopic distinctiveness of
corn (C4 photosynthetic
pathway)-based
foods,
SIA shows promise as a
way to identify the relative
proportion of garbage that
bears consume.
We suggest 3 reasons
why we observed no
differences
in
diets
between
urban
and
wildland bears. First, it
may be that our results
were accurate, i.e., it is
possible that only a few
urban bears consumed
garbage and that some
wildland bears did. For
example, some urban bears
captured in 2009 may not
have consumed garbage
in 2008, and some (or all)
wildland bears may have
foraged on garbage. This
Figure 3. Posterior density estimates of diet source contributions to black
was apparent in the Lake bears captured in Missoula in 2009 (urban bears; solid lines) and bears harTahoe Basin of California vested in wildland areas adjacent to Missoula, Montana, USA, in 2009 (wildand Nevada where bears land bears; dotted lines).
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level diet. Additionally, corn-based forage
may not be a significant source of food at the
population level for urban bears in Missoula.
Although numerous conflicts involving garbage
are recorded within Missoula annually, these
incidents may involve only a few animals on
periodic garbage-related foraging bouts, and
may not have significant impacts on the overall
diet of the population.
Second, it is possible that our results were
inaccurate and that using corn isotope values
as the surrogate for garbage consumption may
not be appropriate. Although many human
foods and packaging are derived from cornbased products, other items in garbage (e.g.,
common fruit and vegetable waste) may
comprise the majority of available nutrition in
garbage for bears. Although we feel confident
with our assumption that bears consume cornbased foods when foraging on garbage, future
studies should directly sample garbage to fully
understand the stable isotope dynamics of
anthropogenic waste.
Finally, an alternative hypothesis regarding
exotic fruit trees, rather than garbage, may be
the driving factor in development of human–
bear conflicts and urban foraging in Missoula
(Greenleaf et al. 2009). Some areas within
Missoula contain old fruit orchards, and >50%
of residents in the wildland–urban interface
have >1 fruit tree in their yard (J. A. Merkle
and P. R. Krausman, University of Montana,
unpublished data). Further, the majority
of human–bear conflicts in Missoula occur
during September and October (i.e., the time
of the year when domesticated fleshy fruit is
commonly ripe). Because fruit trees use the C3
photosynthetic pathway and the isotopic values
of apples are similar to many natural plants
(Hildebrand et al. 1996), it may not be possible
to detect foraging on fruit trees in urban bears.
In comparison to other diet studies on black
bears, our results suggest that bears in the
Missoula area are more heavily reliant on meat,
and less dependent on natural vegetation, and
corn-based foods (Figure 3). For example, we
found that bears around Missoula consumed
42.5 to 66.7% meat. Stable isotope values
of black bears in British Columbia reflect
diets containing 8.3 to 15.0% meat, and bears
(including grizzly bears) captured because
they posed a management problem reflect diets
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containing a mean of 31% meat (Hobson et al.
2000). Black bear isotope values in Yellowstone
National Park reflected a mean of 41% meat,
while black bears in Glacier National Park
reflected 5% meat (Jacoby et al. 1999). Using
scat analysis, research indicated that the diets
of black bears contained between 1.0 and 1.4%
meat in northern Idaho (Beecham and Rohlman
1994), between 30 and 39% animal matter and
insects in northeastern Oregon (Bull et al. 2001),
and between 12 and 67% mammalian remains
in southwestern Alberta (Holocroft and Herrero
1991). The median probability distribution of
meat within our urban and wildland samples
was most closely related to grizzly bears in
Yellowstone National Park and the Blackfeet
and Flathead Indian Reservations of Wyoming
and Montana (Jacoby et al. 1999).
Comparing the extent of human–bear
conflict in Missoula to other urban areas in
North America may explain our findings that
garbage is a relatively unimportant diet source.
A few individual bears may cause most of the
garbage-related problems in Missoula, but have
little effect on the overall population-level diet.
Montana ranks tenth in the number of bearrelated complaints per 10,000 people (Spencer et
al. 2007), and elsewhere in North America, such
as Juneau, Alaska, Alaska Department of Fish
and Game personnel have been euthanizing >14
black bears annually since the late 1980s (Peine
2001). Further, Beckmann and Berger (2003a)
documented 24 bears with >90% of telemetry
locations within city and town limits in the
Lake Tahoe Basin. On average in Missoula,
however, only 30 reactive management actions
were carried out in response to human–bear
conflicts; no radio-collared black bears from
2009 to 2010 spent >90% of their time within
100m of Missoula houses (J.A. Merkle, and P.
R. Krausman, unpublished data). The relatively
lower level of human–bear conflict provides
support that garbage may not be a significant
source of food for the urban bear population in
Missoula.

Management implications

Stable Isotope Analysis was useful to identify
the limited contribution of anthropogenic forage
to black bear diet in Missoula. Researchers and
managers should begin to collect hair, whole
blood, and plasma samples from bears and

Isotopes • Merkle et al.

165

bears: a trade-off between nutritional requiredevelop a database of local bears’ isotope values.
ments and the risk of infanticide? Oecologia
Analysis of these data could contribute to the
138:465–474.
development of monitoring plans for bear diet
and conflict, and test the extent of anthropogenic Blanchard, B. M., and R. R. Knight. 1991. Movements of Yellowstone grizzly bears. Biological
foraging within other study areas. Increased
Conservation 58:41–67.
knowledge about anthropogenic foraging
through SIA may help make more informed Bull, E. L., T. R. Torgersen, and T. L. Wertz. 2001.
The importance of vegetation, insects, and nemanagement decisions regarding individual
onate ungulates in black bear diet in northeastbears in conflict situations.

Acknowledgments

We thank Montana Fish, Wildlife, and Parks
for their cooperation and logistical support and
M. Rout who assisted with laboratory work.
This study was supported by the Boone and
Crockett Program in Wildlife Conservation,
Harry Longwell Family Foundation, and
Counter Assault.

Literature cited
Badyaev, A. V. 1998. Environmental stress and
developmental stability in dentition of the Yellowstone grizzly bears. Behavioral Ecology
9:339–344.
Baruch-Mordo, S., S. W. Breck, K. R. Wilson, and
D. M. Theobald. 2008. Spatiotemporal distribution of black bear–human conflicts in Colorado, USA. Journal of Wildlife Management
72:1853–1862.
Beckmann, J. P., and J. Berger. 2003a. Using
black bears to test ideal-free distribution models experimentally. Journal of Mammalogy
84:594–606.
Beckmann, J. P., and J. Berger. 2003b. Rapid ecological behavioural changes in carnivores: the
responses of black bears (Ursus americanus)
to altered food. Journal of the Zoological Society of London 261:207–212.
Beckmann, J. P., and C. W. Lackey. 2008. Carnivores, urban landscapes, and longitudinal
studies: a case history of black bears. Human–
Wildlife Conflicts 2:168–174.
Beecham, J. J., and J. Rohlman. 1994. A shadow
in the forest: Idaho’s black bear. University of
Idaho Press, Moscow, Idaho, USA.
Ben-David, M., T. A. Hanley, D. R. Klein, and D.
M. Schell. 1997. Seasonal changes in diets of
coastal and riverine mink: the role of spawning
Pacific salmon. Canadian Journal of Zoology
75:803–811.
Ben-David, M., K. Titus, and L. R. Beier. 2004.
Consumption of salmon by Alaskan brown

ern Oregon. Northwest Science 75:244–253.
Darimont, C. T., P. C. Paquet, and T. E. Reimchen.
2007. Stable isotopic niche predicts fitness in
a wolf–deer system. Biological Journal of the
Linnean Society 90:125–137.
Darr, R. L., and D. G. Hewitt. 2008. Stable isotope
trophic shifts in white-tailed deer. Journal of
Wildlife Management 72:1525–1531.
DeNiro, J. M., and S. Epstein. 1978. Influence of
diet on the distribution of carbon isotopes in
animals. Geochimica et Cosmochimica Acta
42:495–506.
DeNiro, J. M., and S. Epstein. 1981. Influence of
diet on the distribution of nitrogen isotopes in
animals. Geochimica et Cosmochimica Acta
45:341–351.
Derbridge, J. 2010. Summer wolf diet in northwestern Montana. Thesis, University of Montana, Missoula, Montana, USA.
Eberhardt, L. L., and R. R. Knight. 1996. How
many grizzlies in Yellowstone? Journal of Wildlife Management 60:416–421.
Felicetti, L. A., C. C. Schwartz, R. O. Rye, M. A.
Haroldson, K. A. Gunther, D. L. Phillips, and C.
T. Robbins. 2003. Use of sulfur and nitrogen
stable isotopes to determine the importance
of whitebark pine nuts to Yellowstone grizzly
bears. Canadian Journal of Zoology 81:763–
770.
Fry, B. 2006. Stable isotope ecology. Springer
Science and Business Media, LLC. New York,
New York, USA.
Garshelis, D. L. 1989. Nuisance bear activity and
management in Minnesota. Pages 169–180
in M. Bromley, editor. Bear–people conflicts:
proceedings of a symposium of management
strategies. Department of Renewable Natural
Resources, Northwest Territories, Canada.
Greenleaf, S. S., S. M. Mathews, R. G. Wright, J.
J. Beecham, and H. M. Leithead. 2009. Food
habits of American black bears as a metric for
direct management of human–bear conflict in
Yosemite Valley, Yosemite National Park, California. Ursus 20:94–101.

166
Hilderbrand, G. V., S. D. Farley, C. T. Robbins, T.
A. Hanley, K. Titus, and C. Servheen. 1996.
Use of stable isotopes to determine diets of
living and extinct bears. Canadian Journal of
Zoology 74:2080–2088.
Hobson, K. A., B. N. McLellan, and J. G. Woods.
2000. Using stable carbon (δ13C) and nitrogen
(δ15N) isotopes to infer trophic relationships
among black and grizzly bears in the upper
Columbia River basin, British Columbia. Canadian Journal of Zoology 78:1332–1339.
Holocroft, A. C., and S. Herrero. 1991. Black bear,
Ursus americanus, food habits in southwestern
Alberta. Canadian Field-Naturalist 105:335–
345.
Hristienko, H., and J. E. McDonald. 2007. Going
into the 21st century: a perspective on trends
and controversies in the management of the
American black bear. Ursus 18:72–88.
Jacoby, M. E., G. V. Hilderbrand, C. Servheen,
C. C. Schwartz, S. M. Arthur, T. A. Hanley, C.
T. Robbins, and R. Michener. 1999. Trophic
relations of brown and black bears in several
western North American ecosystems. Journal
of Wildlife Management 63:921–929.
Jonkel, J. J. 1993. A manual for handling bears
for managers and researchers. U.S. Fish and
Wildlife Service, Missoula, Montana, USA.
Mizukami, R. N., M. Goto, S. Izumiyama, M. Yoh,
N. Ogura, and H. Hayshi. 2005. Temporal diet
changes recorded by stable isotopes in Asiatic
black bear (Ursus thibetanus) hair. Isotopes in
Environmental and Health Studies 41:87–94.
Moore, J. W., and B. X. Semmens. 2008. Incorporating uncertainty and prior information into
stable isotope mixing models. Ecology Letters
11:470–480.
Mowat, G., and D. C. Heard. 2006. Major components of grizzly bear diet across North America.
Canadian Journal of Zoology 84:473–489.
Peine, J. D. 2001. Nuisance bears in communities: strategies to reduce conflicts. Human Dimensions of Wildlife 6:223–237.
Perry, G. L., and M. J. Rusing. 2000. The changing
dynamics of bear management: Arizona’s experience with litigation from a black bear mauling. Western Black Bear Workshop, Coos Bay,
Oregon, USA.
Peterson, B. J., and B. Fry. 1987. Stable isotopes
in ecosystem studies. Annual Review of Ecology and Systematics 18:293–320.
Rogers, L. L., D. W. Kuehn, A. W. Erickson, E. M.

Human–Wildlife Interactions 5(1)
Harger, L. J. Verme, and J. J. Ozoga. 1976.
Characteristics and management of black bears
that feed in garbage dumps, campgrounds, or
residential areas. International Conference on
Bear Research and Management 3:169–175.
Smith, B. N., and S. Epstein. 1971. Two categories
of 13C/12C ratios for higher plants. Plant Physiology 47:380–384.
Spencer, R. D., R. A. Beausoleil, and D. A. Martorello. 2007. How agencies respond to human–
black bear conflicts: a survey of wildlife agencies in North America. Ursus 18:217–229.
Storer, T. I., G. H. Vansell, and B. D. Moses. 1938.
Protection of mountain apiaries from bears by
use of electric fence. Journal of Wildlife Management 2:172–178.
Szepanski, M. M., M. Ben-David, and V. Van Ballenberghe. 1999. Assessment of anadromous
salmon resources in the diet of the Alexander
Archipelago wolf using stable isotope analysis.
Oecologia 120:327–335.
U.S. Census Bureau. 2000. Census 2000 summary file 1. U.S. Census Bureau, Washington,
D.C., U.S.A.
Western Regional Climate Center. 2008. Historical
climate information. Period of record monthly
climate summary for Missoula 2 NE, Montana.
Western Regional Climate Center, Reno, Nevada, USA, <http://www.wrcc.dri.edu>. Accessed December 15, 2010.
Zack, C. S., B. T. Milne, and W. C. Dunn. 2003.
Southern oscillation index as an indicator
of encounters between humans and black
bears in New Mexico. Wildlife Society Bulletin
31:517–520.

Isotopes • Merkle et al.

Jerod A. Merkle is an M.S. student at the
University of Arizona where he is studying human–
black bear interactions in urban landscapes. He
received his B.S. degree from the University of
Arizona and has worked with large carnivores, fish,
and birds. His professional interests are broad within
large-mammal ecology and management, including
human–wildlife interactions, predator–prey dynamics, and foraging ecology.

Jonathan J. Derbridge is a Ph.D.
student at the University of Arizona, where he is
studying the impacts of non-native Abert’s squirrels
(Sciurus alberti) on Mount Graham red squirrels (Tamiasciurus hudsonicus grahamensis). For his M.S.
research, completed at the University of Montana in
2010, he used stable isotope and scat analysis to
estimate the diet of gray wolves (Canis lupus) and
compare the techniques.

167

Paul R. Krausman is the Boone and
Crockett Professor of Wildlife Conservation at the
University of Montana. He received his B.S. degree
from the Ohio State University, M.S. degree from
New Mexico State University, and Ph.D. degree from
the University of Idaho. He has taught and conducted research at Auburn University, the University of
Arizona, Wildlife Institute of India, and the University
of Montana. He has published hundreds of scientific
articles, reports, papers, and several books.
.

